A study was carried out to assess possible effects of low concentrations of hydrogen sulphide on respiratory function. The cohort comprised 26 male pulp mill workers (mean age 40 3, range 22-60 years) with a daily exposure to hydrogen sulphide in the workplace, and 10 volunteers, who had asthma (three men, mean age 40 7, range 33 to 50 years, and seven women, mean age 44 1, range 31 to 61 years). The respiratory function of the pulp mill workers was monitored by measuring forced vital capacity (FVC), forced expiratory volume in one second (FEV1), and bronchial responsiveness after at least one day off work and at the end of a workday. Bronchial responsiveness was tested by challenge with histamine. The 10 asthmatic subjects were exposed in laboratory conditions to 2 ppm of hydrogen sulphide for 30 minutes in an exposure chamber. Airway resistance (Raw) and specific airway conductance (SGaw) were assessed by a body plethysmograph, and the ventilatory capacities were measured with a flow volume spirometer. No significant changes in respiratory function or bronchial responsiveness related to exposure to hydrogen sulphide in the pulp mill workers were found. In the asthmatic subjects, Raw was increased by 26.3% and SGaw was decreased by 8-4% on average after exposure to hydrogen sulphide. These changes were not statistically significant. In two subjects, however, changes were greater than 30% in both Raw and SGaw, indicating bronchial obstruction. It is conEnso-Gutzeit Oy, Occupational Health Centre, SF-55800 Imatra, Finland P Jappinen Allergy and Environment Institute in South Karelia, Tiuruniemi, Finland
Exposure to hydrogen sulphide and respiratory function P Jappinen, V Vilkka, 0 Marttila, T Haahtela Abstract A study was carried out to assess possible effects of low concentrations of hydrogen sulphide on respiratory function. The cohort comprised 26 male pulp mill workers (mean age 40 3, range 22-60 years) with a daily exposure to hydrogen sulphide in the workplace, and 10 volunteers, who had asthma (three men, mean age 40 7, range 33 to 50 years, and seven women, mean age 44 1, range 31 to 61 years). The respiratory function of the pulp mill workers was monitored by measuring forced vital capacity (FVC), forced expiratory volume in one second (FEV1), and bronchial responsiveness after at least one day off work and at the end of a workday. Bronchial responsiveness was tested by challenge with histamine. The 10 asthmatic subjects were exposed in laboratory conditions to 2 ppm of hydrogen sulphide for 30 minutes in an exposure chamber. Airway resistance (Raw) and specific airway conductance (SGaw) were assessed by a body plethysmograph, and the ventilatory capacities were measured with a flow volume spirometer. No significant changes in respiratory function or bronchial responsiveness related to exposure to hydrogen sulphide in the pulp mill workers were found. In the asthmatic subjects, Raw was increased by 26.3% and SGaw was decreased by 8-4% on average after exposure to hydrogen sulphide. These changes were not statistically significant. In two subjects, however, changes were greater than 30% in both Raw and SGaw, indicating bronchial obstruction. It is con-cluded that exposure for a relatively short time to hydrogen sulphide concentrations appreciably higher than those existing in ambient air do not cause noticeable effects on respiratory function.
Although sulphur dioxide is known to impair respiratory function,"2 few data exist about the effects of hydrogen sulphide in this respect. Hydrogen sulphide, however, is a potential hazard of the workplace in many areas, for instance, the pulp and oil industries. Hydrogen sulphide and other organic sulphur compounds such as methyl mercaptan are emitted from pulp mills into the ambient air, causing nuisance and health effects among the general population.3 The adverse effects of high hydrogen sulphide concentrations exceeding the maximum workplace concentration of 10 ppm are known to some extent,4 but there is a scarcity of information on possible respiratory or other effects caused by low hydrogen sulphide concentrations existing at workplaces or in ambient air around industrial sources.
We carried out a study to find out if low concentrations of hydrogen sulphide affect respiratory function. This was accomplished, firstly, by assessing the respiratory function of pulp mill workers exposed to low prevailing concentrations of hydrogen sulphide at their workplace and, secondly, by exposing voluntary subjects with bronchial asthma to a known low concentration ofhydrogen sulphide under laboratory conditions.
Subjects WORKERS EXPOSED TO HYDROGEN SULPHIDE
This group comprised 26 male pulp mill workers (mean age 40 3, range 22 to 60 years) with daily exposure to hydrogen sulphide usually below the maximum permitted concentration in the workplace of 10 ppm. The subjects were questioned by a nurse about their smoking habits (10 smokers) and previous allergies-namely, asthma, hay fever, atopic dermatitis (five cases). A skin prick test was performed on each subject using 12 common allergens to indicate possible atopic disposition (five atopic subjects). To test the bronchial responsiveness of the pulp mill workers, each subject was challenged twice; after a holiday or at least one day off from work, and at the end of a workday when there had been noticeable odour of hydrogen sulphide at the workplace. The histamine challenges were performed at the company health station near the workplace. The subjects were not exposed to accidentally high concentrations of hydrogen sulphide during the period of study (March 1987 
Results

WORKERS EXPOSED TO HYDROGEN SULPHIDE
Among the exposed subjects as a whole (n = 26), no +28 9% occurred (table 2) , but the change was not statistically significant. When assessing the changes in Raw and SGaw, however, it should be noted that in two subjects there were changes of over 30% in both Raw and SGaw, indicating bronchial obstruction.
Discussion
Although the effects of high concentrations of hydrogen sulphide on the body, including the respiratory system, are well known,4 virtually no information exists about the effects of low concentrations.
As it is practically impossible to arrange controlled experimentation on subjects using the low hydrogen sulphide concentrations usually found in ambient air, subjects in our study were exposed to a hydrogen sulphide concentration of 2 ppm. This concentration can be produced and measured fairly accurately, and is still only a fifth of the maximum permitted workplace concentration. Furthermore, it is close to concentrations usually found in well equipped kraft pulp mills without any accidental leaks. 8 Other malodorous sulphur compounds are also found in kraft pulp mills and in their vicinity, so that exposure to pure hydrogen sulphide is virtually non-existent. Concentrations of methyl mercaptan may be as high or even higher than those of hydrogen sulphide,8 with dimethyl sulphide and dimethyl disulphide being found at a lower concentrations. The effects of these compounds on man are not adequately known, although the effects of all malodorous sulphur compounds at the cellular level are thought to be similar.
Relatively short term exposure at the workplace did not cause noticeable effects on respiratory function of pulp mill workers. The subjects sensed the odour, but rarely had other subjective symptoms. Testing bronchial responsiveness by inhaled histamine is a well known method with good reproducibility.9 It should be noted, however, that it was not possible to assess the effects of long term exposure to hydrogen sulphide on respiratory function in this study. Furthermore, a healthy worker effect certainly exists and its magnitude cannot be estimated.
When asthmatic subjects were exposed in controlled conditions to It is unlikely, therefore, that exposure to sulphur dioxide in ambient air has affected the findings.
In our study, an exposure for a relatively short time to hydrogen sulphide concentrations at least 10 times higher than those usually found in the ambient air caused only minor respiratory effects among asthmatic subjects. In two out of 10 subjects, however, there were changes of over 30% in both Raw and SGaw as a sign of bronchial obstruction. It was also found that hydrogen sulphide concentrations in the workplace lower than the threshold limit value of 10 ppm do not cause noticeable respiratory effects in non-asthmatic workers. As the material was limited, the results of our study should be considered as preliminary and further studies are warranted. To our knowledge, this is the first study of the effects of hydrogen sulphide on respiratory function utilising exposure to the gas in the laboratory.
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